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MECHANICAL RETURNLESS FUEL SYSTEM 

TECHNICAL FIELD OF THE INVENTION 
[0001] This invention relates to a mechanical returnless fuel system for an 

automotive engine that utilizes fuel pressure in determining fuel injector opening 
time. More particularly, this invention relates to such system wherein the fuel 
pressure is determined based upon engine fuel demand. 

BACKGROUND OF THE INVENTION 
[0002] In a modern automotive vehicle, the engine is equipped with fuel 

injectors that spray precise quantities of fuel into the air stream flowing through a 
manifold to the combustion chambers. The fuel is distributed to the injectors through 
a fuel rail mounted on the engine. A computer controller calculates the precise 
quantity of fuel and the opening time required by the fuel injector to release the 
precise quantity. The opening time is dependent upon the pressure drop across the 
injector, that is, the difference in pressure between the fuel pressure within the fuel 
rail and the air pressure within the manifold. The typical fuel system comprises a 
fuel pump located within a fuel tank and connected to the fuel rail through a fuel line. 
In an electronic returnless fuel system, a sensor is mounted in the fuel line or the fuel 
rail and provides an electrical signal to the controller that is indicative of fuel 
pressure. The controller utilizes the pressure signal in regulating the duty cycle of 
the fuel pump to maintain a desired fuel pressure. As a result, the system provides a 
predetermined fuel pressure for purposes of calculating the injector pressure drop. 
[0003] Mechanical returnless fuel systems are known that include a pressure 

regulator coupled to the fuel line. The regulator opens to discharge fuel to the fuel 
supply to thereby relieve excess pressure within the fuel line. In a conventional 
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mechanical returnless fuel system, the pressure regulator comprises a diaphragm 
biased by a spring and designed to maintain a substantially constant fuel pressure 
over a range of fuel flow rates typical of engine operation. As a result, the 
diaphragm regulator provides a constant fuel pressure that is relied upon by the 
controller for purposes of calculating the pressure drop across the injectors and thus 
the injector opening time. However, the diaphragm regulator requires a complex 
design and adds significantly to the cost of the system. 

[0004] United States Patent Application Serial No. (attorney 

docket number 10541-1838), filed describes a pressure 

regulating valve for use in a mechanical returnless fuel system. Valve is a relatively 
less expensive design and produces a fuel pressure that is not constant, but rather is 
linearly proportional to the fuel flow rate. 

[0005] Therefore, a need exists for a mechanical returnless fuel system 

wherein fuel pressure in the fuel line is subject to variation, and wherein the 
controller is able to determine a fuel pressure based upon pump operating conditions 
and without requiring an in-line fuel pressure sensor. 

SUMMARY OF THE INVENTION 
[0006] In accordance with this invention, a method is provided for operating an 

automotive engine that includes fuel injectors that open intermittently to deliver fuel 
to the automotive engine. A mechanical returnless fuel system supplies fuel to the 
fuel injectors and includes a fuel pump having a pump output. A portion of the pump 
output in excess of engine fuel usage is returned to the fuel supply. A controller is 
provided for regulating the fuel injectors to deliver a quantity of fuel. In accordance 
with this invention, the controller determines a projected engine fuel demand then 
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determines an estimated fuel pressure based upon the projected engine fuel 
demand, and then determines an opening time for the fuel injectors based upon the 
estimated fuel pressure. In a system wherein fuel pressure is not constant, but 
rather varies in proportion to engine fuel flow rate, the estimated fuel pressure 
provides a more accurate basis for determining the opening time for the fuel injectors 
and thus provides improved control of the automotive engine operation. Moreover, 
this is accomplished without requiring a fuel pressure sensor and related connection 
to the controller. 

[0007] In one aspect of this invention, a combination is provided that includes 

an automotive engine, a mechanical returnless fuel system and a controller which 
cooperate to improve engine operations. The automotive engine includes fuel 
injectors that are intermittently open for an opening time to deliver fuel to the engine. 
Fuel is supplied to the fuel injectors by a mechanical returnless fuel system that 
includes a fuel pump having a pump output and a fuel line connecting the fuel pump 
to the injectors. A pressure regulating valve is provided for returning a excess 
portion of the pump output to the fuel supply. The controller regulates the injectors 
by determining a projected engine fuel demand, then determining an estimated fuel 
pressure based upon the projected engine fuel demand and then determining the 
opening time of the injectors based upon the estimated fuel pressure. Using the 
estimated fuel pressure, the controller is able to more accurately calculate the 
opening time for the fuel injectors and thereby improve control of engine operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] This invention will be further illustrated with reference to the 

accompanying drawings wherein: 
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[0009] Fig. 1 is a schematic view showing a mechanical returnless fuel system 

in accordance with this invention; and 

[0010] Fig. 2 is a graph showing fuel pressure as a function of engine fuel flow 

rate. 

DETAILED DESCRIPTION OF THE INVENTION 
[0011] Referring to Fig. 1, there is depicted a mechanical returnless fuel 

system 10 for supplying fuel to an automotive engine in accordance with a preferred 
embodiment of this invention. More particularly, system 10 delivers fuel to fuel 
injectors 12 that are mounted on the automotive engine. Injectors 12 open 
intermittently to spray fuel into an air stream flowing through an air manifold in route 
to combustion chambers of the engine. Fuel system 10 comprises a fuel pump 14 
located within a fuel tank 16. The outlet from fuel pump 14 is connected to injectors 
12 through a fuel line 20 that includes a fuel rail 22 mounted on the engine. A 
computer controller 24 is connected to fuel injectors 12 and regulates the opening of 
the fuel injectors to deliver a precise quantity of fuel for engine operation. 
[0012] Fuel system 10 also includes a pressure regulating valve 22 that is 

coupled to fuel line 20 within tank 16 and returns a portion of the pumped fuel to the 
fuel supply through return line 28. A preferred pressure regulating valve is described 

in United States patent application serial number (attorney 

docket number 10541-1838), filed , incorporated herein by reference. 

The preferred valve comprises a frustoconical valve body that is biased by a coil 
spring against a valve seat in the closed position. The valve body slides in response 
to increased fuel pressure within the fuel line to contract the coil spring and space 
the valve body apart from the valve seat, thereby opening the valve for fluid flow 
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through return line 28. It is a feature that the pressure regulating valve produces a 
fuel pressure in fuel line 20 that varies as a function of fuel flow to the engine. 
Referring to Fig. 2, there is depicted a graph showing fuel pressure P in the fuel line 
as a function of engine fuel flow rate Q. The engine fuel flow rate Q corresponds to 
the engine fuel usage, which is also referred to as actual engine fuel demand, and is 
equal to the output of fuel pump 14 minus the portion of fuel returned to the fuel 
supply through pressure regulating valve 26. Line 70 shows a relationship wherein 
fuel line pressure P increases in direct proportion to engine fuel flow rate Q which 
may be provided by a pressure regulating valve suitable for use with this invention. 
For purposes of comparison, line 72 represents an idealized situation that provides a 
substantially constant pressure independent of fuel flow rate, such as is provided by 
a diaphragm-type pressure regulator in a conventional mechanical returnless fuel 
system. Thus, there is a significant discrepancy between the actual fuel line 
pressure, as shown for line 70, and a theoretical constant pressure, such as might 
be provided by line 70, particularly at relatively low or high fuel flow rates. As a 
result, a controller calculating injector opening times based upon an arbitrary 
constant fuel pressure may calculate an opening time that delivers a quantity of fuel 
that deviates significantly from the desired controlled quantity. 

[0013] In a preferred method of this invention, controller 24 determines a 

precise quantity of fuel required for optimum engine operation based upon engine 
operating parameters including vehicle speed, engine speed, and engine load, which 
is referred to herein as the projected engine fuel demand. The controller then 
calculates an opening time for the fuel injectors required to deliver the precise fuel 
quantity. The controller calculates the opening time based upon the pressure 
differential between fuel in fuel rail 22 and the air stream into which the fuel is 
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injected, that is, the air stream flowing through the manifold in route to the 
combustion chambers of the engine. The controller regulates opening of injectors 12 
to achieve the calculated opening time. It will be appreciated that controllers are 
known that include algorithms for suitably calculating projected engine fuel demand 
and injector opening times, and that such systems may be readily adapted for use 
with this invention. In accordance with the method of this invention, the controller 
determines an estimated fuel pressure based upon the projected engine fuel 
demand. It is pointed out that the projected engine fuel demand provides an 
accurate estimate of engine fuel usage within the tolerances required for modern 
engine control and that the mechanical returnless fuel system provides an engine 
fuel flow rate Q equal to the engine fuel usage. In a preferred embodiment, 
controller 24 includes a look-up table that correlates engine fuel flow rate with fuel 
pressure in accordance with the relationship such as shown in Fig. 2 and uses the 
projected engine fuel demand as the fuel flow rate to determine the estimated fuel 
pressure. The controller then determines the injector opening time based upon the 
estimated fuel pressure. Alternately, the controller may utilize an algorithm for 
calculating an estimated fuel pressure based upon the projected engine fuel 
demand. In any event, the controller utilizes the estimated fuel pressure to calculate 
the pressure drop across the injectors and thereby determine the opening time for 
the injectors. By utilizing an estimated fuel pressure determined in accordance with 
this invention, the controller is able to provide a more accurate estimate of the 
opening time for the injectors and thus provide better control of engine operations. 
[0014] In the described embodiment, Fig. 2 depicts a substantially linear 

relationship between fuel pressure P and engine fuel flow rate Q. The fuel pressure 
within the system is dependent upon the particular design of the pressure regulating 
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valve, and the method of this invention may be suitably carried out using a pressure 
regulating valve that produces a non-linear relationship. It is preferred that the data 
for the estimated fuel pressure represents the fuel pressure within the fuel rail 
adjacent the injectors. The fuel line may include fuel filters and connections that 
result in a pressure drop between the fuel pump and the fuel rail. The data for the 
estimated pressure may be obtained using measurements near the pump outlet and 
corrected as necessary for any pressure drop in the fuel line to the fuel rail. 
[0015] While this invention has been described in terms of certain 

embodiments thereof, it is not intended to be so limited, but rather only to the extent 
set forth in the claims that follow. 
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